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(57) [Abstract] 

[Problem] Offer of ceramic composite material which 
shows flexural strength of 700 MPa or greater in 
temperature ofthe 1700 °C is designated as objective. 

[Means of Solution] A) aluminum oxide , ceramic com 
posite material which B) composite oxide of aluminum 
oxide and rare earth metal oxide, ofthe or aluminum 
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oxide and composite oxide of rare earth metal oxide and 
zirconium oxide, theC) zirconium oxide , is a dissolving 
coagulant where are formed orthe zirconium oxide and 
rare earth metal oxide from 3 oxide crystal phase of 
composite oxide, component chemical composition as 
thealuminum oxide , rare earth metal oxide and 
zirconium oxide, respective 55 to 80 mole% , is inside 
rangeof 10 to 35 mole% and 10 to 35 mole%. 



<?o J 




(*) 




[N#81] A) gHbTJUS-^A (Aft) % B) 

. xi*> ia<br;us=^A£#±s&JgBMb1&igHb 

<^3O0K1b1ft«S B B a *@^b«fS*tL^j§J»»S<*T*fc 
0^;U%, 1 0-3 5 ; E^%&i;i 0-3 S^JMO) 



ffiXli 2 fflcOIBSffl^e, &*S*IBA« #A<*l*fS# 
«1 l:EM*757>X)|fi««. 



[Claim(s)] 

[Claim 1] A) aluminum oxide (A phase) and B) compo 
site oxide of aluminum oxide and rare earth metal oxide, 
of or aluminum oxideand composite oxide (B phase) of 
rare earth metal oxide and zirconium oxide, 

C) zirconium oxide , or zirconium oxide and rare eart 
h metal oxide compound oxide (C phase), 

Ceramic composite material which designates that it is a 
dissolving coagulant which isformed from 3 oxide 
crystal phase, component chemical composition as 
aluminum oxide , rare earth metal oxide and 
thezirconium oxide, respective 55 to 80 mole% , it is 
inside range of 10,to 35 mole% and thelO to 35 mole% 
as feature. 

[Claim 2] Ceramic composite material which is stated i 
n Claim 1 which does not have coarse crystalline 
partwhich crystal phase of aforementioned 3-phase is 
distributed to theuniform, consists of crystal phase of 1 
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phase or 2 phases. 

[Claim 3] Ceramic composite material which is stated i 
n Claim 1 or 2 where colony or void donot exist in 
coagulant. 

[Claim 4] Ceramic composite material which is stated i 
n either to Claim 1 to 3 where crystal phase ofthe at least 
one is formed with single crystal. 

[Claim 5] Ceramic composite material which is stated i 
n either to Claim 1 to 4 where zirconium oxide ofthe 
aforementioned C phase has been stabilized with oxide of 
tnerare earth metal or other metal. 

[Description ofthe Invention] 
[0001] 

[Technological Field of Invention] As structural material 
and functional material this invention maintains 
mechanical strength from the room temperature over 
wide temperature range to high temperature, in under 
is exposedin high temperature of 
1500 C or higher regards ceramic composite material 
which it withstands use. 

[0002] 

[Prior Art] SiC or Si3N4 was expected under high tempe 

7 e ^r ^F 3 "" 0 material, didmany researches 
destined for utilization. But, these material do not show 
sufficient high temperature characteristic, as for 
utilization thesoot are are not. SiC/SiC composite 
material due to chemistry vapor phase impregnation 
method which was developed as one of thesolution 
method, by SEP corporation, limelight is poured as hieh 
temperature material ofthe world maximum in now, 
research and development concerning utilization 
isadvanced. But, this material from fact that it is a 
nonoxide type material is a limit in theantioxidation 
property, use temperature is made 1400 °C or below 
conquest of this deficiency isdifficult essentially. ' 

[0003] On one hand, ceramic of oxide exists as material 
which issuperior in antioxidation property. But as for 
oxide ceramic in order generally, to become deformed 
easilywith high temperature, under environment where 
until recently, high loadoperates as structural material it 
is thought that it possesses deficiency whichcannot be 
used But, if oxide ceramic, conversely, improves 
mechanical property and overcomes thisdeficiency as 
high temperature structural material it is something 
which can also think that you canexpect broad 
application. 

[0004] 
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[0005] 

[Problems to be Solved by the Invention] This invention, 
comparing to aforementioned conventional goods, 
furthermoredesignates offer of ceramic composite 
material which shows high temperature strength which 
issuperior as objective. Concretely, development of 
ceramic composite material which shows flexural 
strength of the for example 700 MPa or greater in 
temperature of 1600 °C to 1700 °C, is designated as 
objective. 

[0006] 

[Means to Solve the Problems] As for this inventor etc, 
aluminum oxide , rare earth metal oxide and zirconium 
oxide composite materialwhich exists as coagulant of 
single phase or composite oxide phase, discovered 
factthat it becomes ceramic composite material where 
above-mentioned problem is solvedcompleted this 
invention. As for namely, this invention, 

A) aluminum oxide (A phase), 

B) composite oxide of aluminum oxide and rare earth m 
etal oxide, of or aluminum oxide and composite oxide 
(B phase) of rare earth metal oxideand zirconium oxide, 

C) zirconium oxide , or zirconium oxide and rare eart 
h metal oxide compound oxide (C phase), 

It is a dissolving coagulant which is formed from 3 oxid 
e crystal phase, composition therespective 55 to 80 
mole% , it regards ceramic composite material which 
designates that it isinside range of 10 to 35 mole% and 
10 to 35 mole% as feature as aluminum oxide , the rare 
earth metal oxide and zirconium oxide. Below , this 
invention is explained in detail. 
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[0007] 

[Embodiment of Invention] It is a coagulant where cera 
mic composite material of this invention, consists of 
aluminum oxide , the rare earth metal oxide , and 
zirconium oxide as chemical component, these oxide 
being thealone, forms composite oxide of and/or other 
oxide in structural , the respectively disperses and 
without forming colony and grain boundary phase as 
single ciystalphase or polycrystalline phase, exists. As 
for these inventors, Advances examination aluminum 
oxide phase and include with rare earth metal oxide or 
thephase of composite oxide of aluminum oxide which 
and rare earth metal oxide 2 phases orconcerning 
ceramic composite material which consists of coagulant 
which is formed fromthe oxide crystal phase above 3- 
phase with process which, Unexpectedly, aluminum 
oxide phase, As crystal structure which narrowing 
makes remarkable with phase of composite oxideof rare 
earth metal oxide or aluminum oxide and rare earth 
metal oxide, phase of composite oxide of the zirconium 
oxide or zirconium oxide and rare earth metal oxide 
when just quantity inside thecertain range coexists, in 
comparison with conventional coagulant ceramic 
composite material is acquired, factthat it is possible also 
for high temperature strength of 1 700 °C to 
improveremarkably, was discovered, this invention was 
completed, aluminum oxide phase and are formed rare 
earth metal oxide or aluminum oxide and rare earth 
metal oxide fromthe 2 phases of phase of composite 
oxide with coagulant where, As for dimension of each 
crystal phase with 3-phase system of this invention 
themicroscopic structure of size of 0.1 to 10 m is 
acquired generally vis-a-vis beinga size of 1 0 m to 
250 m generally, difference of this crystal structure, 
ifphotomicrographof for example Figure 1 (Working 
Example) and Figure 9 (Prior Art Example) comparative 
reference is done, is clear. According to examination of 
these inventors, reason is not clear, crystal structure of 
coagulant narrowing made remarkable aluminum oxide 
phase andvis-a-vis rare earth metal oxide or aluminum 
oxide and rare earth metal oxide phase of composite 
oxide,due to fact that phase of composite oxide of 
zirconium oxide or zirconium oxide andthe rare earth 
metal oxide of quantity inside certain range joins. 
Concretely, in order to obtain this kind of microscopic 
crystal structure, chemical component composition of 
the coagulant, respective 55 to 80 mole% , being inside 
range of 10 to 35 mole% and thelO to 35 mole% is 
necessary as aluminum oxide , rare earth metal oxide 
and zirconium oxide. When it deviates from above- 
mentioned range, coarse crystalline part which 
consistsof 1 phase or 2 phases occurring, it cannot 
obtain microscopic crystal structure in theuniform. As 
chemical composition of ceramic composite material of 
this invention, when it is a three elements eutectic 
composition of the aluminum oxide and rare earth metal 
oxide and zirconium oxide, in point which more can 
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controlthe occurrence of coarse crystalline part more 
easily, it is most desirable. In addition, If each 
component composition is inside this range, coming off 
from three elements eutectic composition, it ispossible 
to obtain uniform texture, by changing preparation 
condition, but as forguaranty of extent and uniform 
structure where extent of end becomeslarge from fact 
that it becomes difficult, each component composition, 
from the three elements eutectic composition being a 
range within +/- 5 mole% is more desirable, especially 
itis desirable to be a three elements eutectic composition. 
It can designate ceramic composite material of this 
invention, as uniform crystal structure which does 
nothave colony and void by controlling manufacturing 
condition. In addition grain boundary phase which 
exists in general sinter does not exist. Furthermore, 3 
crystal phase of oxide and composite oxide which form 
ceramic composite materialfrom fact that 
manufacturing condition is controlled, all single crystal 
and 2 phase being single crystal, other phase phase of 
polycrystalline and the one being single crystal, other 
phase can acquire ceramic material where 
thepolycrystalline and all phase consist of each 
combination of polycrystalline. In each case sufficient 
ones are given to characteristic, but phase of at least 
onebeing single crystal from viewpoint of strength, it is 
desirable and toexist, phase of two or more being single 
crystal, if exists furthermore it isdesirable. Furthermore , 
regarding to this invention, 11 single crystal " with, it 
means thecrystal structure of state where only 
diffraction peak from specific crystal surface isobserved 
in x-ray diffraction analysis. In in coagulant of ceramic 
composite material of this invention, A phase is crystal 
phasewhich consists of - aluminum oxide alone. B 
phase composite oxide of aluminum oxide and rare 
earth metal oxide, is crystal phase whichconsists of or 
aluminum oxide and of composite oxide of rare earth 
metal oxide andthe zirconium oxide. As rare earth metal 
oxide, you can list Y2 03 ,Er2 03 ,Dy2 03 ,Ho2 03 , 
Yb2 03 ,Gd2 03 ,Sm2 03 ,La2 03 ,Ce2 03 ,Nd2 03 , 
Eu2 03,Pr6 0il etc. aluminum oxide and rare earth 
metal oxide form composite oxide which possesses 
garnet structure andthe perovskite structure or other 
structure according to types of rare earth metal, for 
example yttrium oxide and erbium oxide form 
composite oxide of garnet structure, gadolinium oxide 
formsthe composite oxide of perovskite structure. It is 
a ceramic composite material which in each case is 
superior in strengthwise, but thecomposite oxide of 
garnet structure especially is superior in point of heat 
resistance. It is possible, as for composite oxide of 
aluminum oxide and rare earth metal oxide of the B phase, 
relatively easily other metal oxide solid solution (Also 
substitution includes. ), it can existthe solid solution is 
done zirconium oxide as composite oxide of three 
elements which. C phase consists of zirconium oxide 
alone phase, or is constituted from composite oxide 
ofthe or zirconium oxide and rare earth metal oxide. 
Especially, because as for zirconium oxide yttrium oxide 
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and cerium oxide or other rare earth metal oxide 
(However, as for Pr and Lu it is said that stabilizing 
effect issmall. ) doing,the solid solution, it is known, 
that it is stabilized according to amount of solid 
solutionthe composite oxide of these rare earth metal 
oxide is ideal. When zirconium oxide it is stabilized by 
rare earth metal oxide, mechanical strength improves. 
Therefore, although with ceramic composite material of 
this invention zirconium oxide isstabilized, it is desirable 
for rare earth metal oxide of sufficient specific gravity to 
be included. Especially, composition which is called 
partially stabilized zirconia and complete stabilized 
zirconiaespecially is desirable. But, it is not case that it is 
limited in these. In addition, adding oxide other than 
oxide which is formed,the solid solution or it 
precipitates ceramic composite material of this invention, 
to at least one ofthe oxide which forms ceramic 
composite material of this invention, or existing in 
interfaceof phase, mechanical property and thermal 
property also it is possible to change. Especially, solid 
solution doing calcium oxide and magnesium oxide 
etc in zirconium oxide,because there is action which is 
stabilized, it is a preferred additive. 

[0008] Existing shape of each metal in final product bein 
g oxide, it is, Also various metal salt or other uses are 
possible from fact that itpasses by step of high 
temperature in in air under vacuumregarding and 
producing, as starting material of composite material of 
the this invention,, but weight reduction does not put 
out harmful substance little, it is fromthe various factor, 
a starting material substance where such as naturally, 
oxide is mostdesirable and availability. 

[0009] Powder mixing method which is done generally, 
can utilize mixture of thestarting material oxide, 
regardless of dry type and wet type, but it is a mixing 
method wherethe ball mill method which designates 
alcohol as medium is most desirable. 

[0010] If it was necessary, after doing deviation from cr 
ocking * drying , itmoves starting powder which 
finishes mixture, to crucible, melts . crucible can use 
molybdenum make. This melt temperature differs 
depending upon composition, but in case of for example 
A1203 ,the Y2 03 and Zr02, it is a 1900 to 2000 °C. 
atmosphere of heating in air, but as for atmospheric 
pressure power it isdesirable to do under vacuum, it is 
good to make 300 Torr or less and the preferably 1 0 
Torrorless. But melting if heating to specified 
temperature is possible, using heating method and for 
example arc melting furnace etc of public knowledge, it 
can execute, combining unidirectional solidification 
equipmentwhich it mentions later is preferred method. 

[001 1] While setting to unidirectional solidification equi 
pment concerning starting material solid which it 
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acquires,melting for second time, keeping distance melt 
from heat sourcein downward direction it adds 
unidirectional solidification treatment which cooling and 
coagulation is done. If this time, relative movement 
from heat source of melt ispossible, equipment which is 
used for starting material melting can that way beused, 
cementation body of this case invention can be acquired 
includingunidirectional solidification treatment 
continuously. After natural solidification , it removes 
melt once, transfers to equipment forthe unidirectional 
solidification, for second time after melting, it is possible 
also toadd unidirectional solidification treatment. In this 
case, for second time, inserting milled product in 
cruciblefor solidification coagulant which is removed 
from melting apparatus including thepulverizing process, 
unidirectional solidification it is good doing. 

[0012] Regarding unidirectional solidification, while fro 
m heat source in downward direction keepingdistance 
crucible where for example melt enters with constant 
rate cementation itdoes, but movement of melt for heat 
source is relative ones, it isgood moving heat source to 
upward direction and conversely it locks heat sourceand 
is good moving crucible to downward direction. 
Movement can also do on left and right. It confronts 
heat source of crucible in one direction cementation 
relative positioning speed , Namely growth rate of 
ceramic composite material, when speed it passes, 
causes theformation of gas bubble or void, when 
ceramic composite material which is superiorin 
mechanical property in under high temperature is not 
acquired, is too slowconversely from fact that problem 
where productivity becomes lowoccurs, below 500 mm 
/hr , in range of preferably 1 to 100 mm /hr, it means to 
setaccording to component composition. 

[0013] As for unidirectional solidification, it is desirable t 
o do under vacuum. Effect which is bad to strength 
manifestation is produced, because colony inthe 
coagulant, it can control occurrence of gas bubble, 
atmosphere of 10-3 Torr or less especially is desirable, 
colony in the coagulant, formation of gas bubble, can 
control with electron microscope to extentwhich stops 
being observed. 

[0014] Using known method * equipment, to do it is po 
ssible unidirectional solidification. You can use high 
frequency induction coil and you can use for ideal 
method * equipment which isheated with metallic 
crucible, but at least one of crucible or heater in 
theup/down direction or left and right directions makes 
movable. In addition, it is connected by vacuum pump, 
those which become thestructure which to specified 
pressure vacuum it is possible atmosphere which the 
crucible is placed are desirable. Only crucible inserts in 
cylinder container which is connected to gas exhaust line, 
to structure whose heating from container outside is 
possible is good and, itis good setting entirety, inside 
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chamber where vacuum of the inside of system is 
possible. Furthermore method of controlling condition 
in unidirectional solidification. Can adjust namely, 
atmospheric pressure power and temperature , and 
crucible mobility rate,to do with known method. 

[0015] Each phase takes complex form in coagulant. Ea 
ch phase of A,B,C can exist even in island, but it 
ispossible generally to form three-dimensional continual 
structure, possibility whichdoes three-dimensional 
continual structure substantially is high. At least as for B 
phase orientation doing in solidification direction, it 
isthought from observed result due to electron 
microscope of coagulant in in coagulant,that it has 
advanced. In addition, also solidification direction and 
advancement to vertical direction arerecognized 
concerning B phase, depending upon composition and 
the condition, in this case it is seen that mesh of 3 
dimensional due to theB phase is formed. Concerning 
shape of A and C phase which exist in thegap between 
B phase, with now it is not clear. A phase, or advances 
B phase in same way and solidification direction 
tosohdification direction and and solidification direction 
and vertical direction mesh of the3 dimensional is 
formed also is visible and, also matrix which buries 
thegap between B phase and C phase is visible. C 
phase is visible in order to have advanced B phase in 
samewayand solidification direction. It can control 
structure of crystal phase in this kind of coagulant, with 
thetypes and solidification condition etc of constitution 
oxide. Furthermore solidification direction as it is 
called in thethis invention, in unidirectional solidification 
step, movement direction of melt namely crucible for the 
heat source is meant. 

[0016] Regarding to this invention, you can use for use 
object ceramic composite material whichis acquired with 
coagulant shape, that way. In addition, regarding to this 
invention, as for ceramic composite material which 
isacquired with coagulant shape, after processing in size 
and shapewhich correspond to use object, as member, 
in addition, you canuse combining with according to 
need other member. In addition, it can also use to fiber 
or powder, as superalloy or dispersion strengthening 
material of various ceramic. 

[0017] 

[Working Example(s)] Below, concrete example is show 
n, this invention is explained furthermorein detail. 

Working Example 1 

"• Al2 Pn^ P nn W n der % )> Yl 03 P<>Wder (P 

unty :99.999 %) and ZK)2 powder (purity ;99.99 %) 2 
4 houre wet ball mill after mixing, in theethanol medium 
removing ethanol, it acquired mixed powder of starting 
material oxide, proportion is AI2O3 fYl 03 / Zrf)2 =65. 
8/15.6/1 8.6 mole%. mixed powder was inserted in 
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molybdenum crucible , crucible was set to furnace, 
furnace, penetrating high frequency induction coil and 
said coil, is formed from theup and down movement 
possible crucible support table, entirety is connected by 
vacuum pump and isinstalled inside chamber where 
vacuum atmosphere conversion of inside of system 
becomespossible. 

[001 8] It melted under vacuum. While using vacuum p 
ump, maintaining inside chamber in 10-5 Torr 
theinductive heating it did making use of high frequency 
coil, melted mixed powder inside the crucible, 
temperature of melt inside crucible which was measured 
with thepyro meter was 1900 °C. unidirectional 
solidification while under same atmosphere as time of 
meltingfalling crucible with rate of 50 mm /hr, without 
removing theabove-mentioned molten substance from 
chamber, unidirectional solidification doing, acquired 
thecoagulant which it makes objective. 

[0019] In solidification direction of coagulant which it a 
cquires electron microscope photograph of 
theperpendicular cross section organization is shown in 
Figure 1. As for Figure 1 (Jl) 2000 time, as for Figure 
1 (jpl) it is a photograph of SOOOtime. In Figure 1 (Jl) 
(jpl), black portion - alumina phase and ash color 
portion YAG(Y3 Al 5 Ol2) phase, is thezirconia phase 
to which white portion includes yttria. white portion is 
observed to island to periphery of YA G phase and inthe 
alumina phase mainly. In addition, if you observe with 
electron microscope photograph, regarding whichever 
phasethe colony and grain boundary phase do not exist 
in this coagulant , furthermore eitherthe gas bubble and 
void do not exist, namely in structural it hasconsisted 
from structure which does not have defect. 

[0020] Powder fragment doing coagulant, it shows X-ra 
y diffraction pattern of powder which itacquires in 
Figure 2. From this figure, constituent phase of above- 
mentioned cementation body isverified, consisting of 
zirconia phase which includes -alumina , the Y AG and 
yttria. In Figure 3 , X-ray diffraction result of 
perpendicular plane is shown in solidification direction 
ofthe coagulant. (300) aspect of -alumina phase, 
(400) aspect and (800) aspect of theYAG, yttria is 
verified (200), (220), existence of (400) aspect of 
thezirconia phase which solid solution is done. From 
result, -alumina phase and YA G phase are single 
crystal body, as for yttria solid solution zirconia phase it 
understands that it exists with polycrystal. 

[0021] Concerning milled product, while furthermore, u 
sing high temperature X-ray diffractometer of Mac 
Science Co.,make temperature rise doing it did X-ray 
diffraction, it examined concerning thephase change in 
high temperature region. Result is shown in Figure 4. 
With room temperature (RT) and 1500 °C as for 
difference it is not recognized,constitution each phase of 
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this coagulant, with temperature range of room 
temperature to 1500 °C,has shown fact that phase 
change is not caused, usually, as for zirconia ceramic, 
rearrangement to cubic system happensfrom monoclinic 
in high temperature, decrease of mechanical property 
becomes problem,but with coagulant of this invention, 
zirconia is stabilized by theexistence of yttria, it is 
thought thing where problem of the zirconia phase 
transition is solved. 

[0022] Cutting test piece of 3 mm X 4 mm X 36 mm fro 
m coagulant, you used Instron supplied andthe 
ultrahigh temperature material physical property appraisal 
system, you measured 3-point bending strength in high 
temperature, measurement result is shown in Table 1 . 
This material, regarding 1700 °C, having possessed 
flexural strength of the720 MPa you understand. 
Furthermore it measured 3-point bending strength, 
concerning other sample,with method which is similar 
to those which are shown here. 

[0023] 

[Table 1] 
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[0024] Comparative Example 1 

Here, example which sets amount of zirconia to out of r 
ange of this invention isshown. Example which uses 
erbium oxide as rare earth oxide is shown. Other than 
designating proportion of - AI2O3 /Y2 03 / Z1O2 as 
74.4/17.6/8.0 mole%, coagulantwas acquired with 
method which is similar to Working Example 1 . in 
clotting direction of coagulant which is acquired electron 
microscope photographof perpendicular cross section 
organization is shown in Figure 5. coarse grain of 50 to 
200 m is observed in coagulant structure,, but this 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.12 



JP 01294480A Machine Translation 



Sk^^MZTfzto 1 6 OO^lCfcUTt 3 5 0MP a 
0>ii8L***1\ *««10*r»fCttL, CCD**** 



coarse grainconsists of AI2O3 phase and 2 phases of 
YA G phase, it is verifiedthat Z1O2 ( or ZxOl IYl 03 
compound oxide ) phase is not included. 3-point 
bending strength measurement result of this composite 
material is shown in Table 1 . Only strength of 350 MPa 
it shows regarding 1600 °C, compares tothe material of 
Working Example 1, it understands that this material is 
inferior tothe characteristic. 
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[0025] Working Example 2 

Here example which uses erbium oxide as rare earth oxid 
e is shown. Replacing to yttria, you used erbium oxide 
(Er2 03 and purity :99.999 % ), designated proportion 
ofthe - A1203 /Er2 03 / Z1O2 as 65.9/1 5.4/1 8.7 
mole%, other than designating lowering rate of 
cruciblein and unidirectional solidification step as 20 
mm /hr, you acquired coagulant withthe method which 
is similar to Working Example 1. in solidification 
direction of coagulant which is acquired electron 
microscope photographof perpendicular cross section 
organization is shown in Figure 6. In Figure 6, black 
portion is -alumina phase, is erbium aluminum garnet 
(Below , it names EAG. ) phase wherethe big white 
portion has composition of Er3 AI5O12. In addition, it 
exists in periphery of E A G phase and or it is a 
zirconiaphase to which white portion which is visible in 
small point includesthe erbium oxide. Existence of of 
coagulant similarity, colony and grain boundary phase 
of Working Example lis not verified regarding this 
coagulant, in addition either existence ofthe gas bubble 
and void is not verified, in structural it 
understandsfrom structure which does not have defect 
that it has consisted. 
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[0026] In Figure 7 , X-ray diffraction pattern measurem 
ent result of perpendicular plane is shown in 
solidification direction ofthe coagulant. As for 
diffraction peak which is observed, (006) aspect of - 
alumina phase, the(400) aspect and (800) aspect of EAG, 
erbium oxide was measured the(200) surface of 
zirconia phase which solid solution is done, -alumina 
phase, as for EA G phase and erbium oxide solid 
solution zirconia phase it understands from this that it 
exists with single crystal. 3-point bending strength 
measurement result of said material is shown in Table 1. 
Regarding 1 700 °C, it possesses strength of 760 MPa or 
greater. 

[0027] Comparative Example 2 

Here, example when it does not include rare earth oxide 
as ingredient isshown. yttria was not added, other than 
designating addition ratio of -alumina / zirconiaas 62. 
0/38.0 mole%, coagulant was acquired with method 
which is similarto Working Example 1 . Concerning this 
coagulant, while temperature rise doing, it did X-ray 
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diffraction, itexamined concerning phase change in high 
temperature region, result is shown in Figure 8. 3- 
point bending strength measurement result of this 
coagulant is shown in Table 1 . Only strength of 380 
MPa it shows regarding 1600 °C, compares tothe 
material of Working Example, it understands that this 
material is inferior tothe characteristic. Furthermore , 
with this Comparative Example, zirconia being rare 
earth oxide,because it has not been stabilized, diffraction 
peak of cubic system startedbeing observed with 800 °C, 
occurrence of phase transition of zirconiawas verified 
Comparative Example 3 

Here only yttria (Y2 03 and purity :99.999 % ) as alu 
mina and rare earth oxide was used, proportionof - 
A1203 IY2 03 other than designating lowering rate of 
crucible in the82.0/l 8.0 mole% and and unidirectional 
solidification step as 20 mm /hr, coagulant was 
acquiredwith method which is similar to Working 
Example 1 . in solidification direction of coagulant 
which is acquired electron microscope photographof 
perpendicular cross section organization is shown in 
Figure 9 (Jl). In Figure 9 (Jl), black portion is - 
alumina phase, is yttrium aluminum garnet (YAG) phase 
where thebig white portion has composition of Y3 Al 5 
Ol2. dimension of each crystal phase is 10 m to 

100 m , when photograph of Figure 1 which shows 
Working Example of this invention as Figure 9 ( Jl ) is 
compared with theFigure 9 (J2) which is shown with 
same reduced scale, fine of structure ofthe coagulant of 
this invention is clear. It shows also measurement result 
of 3-point bending strength of this coagulant in Table 1. 
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[0028] 

[Effects ofthe Invention] Ceramic composite material of 
this invention is something where high temperature 
strength and heat stability areimproved rapidly, 
regarding high temperature of 1700 °C in atmosphere 
alsooffer of those which show flexural strength whose 
approximately 700 MPa or greater is highis possible. 
This is something which does not exist until recently. 
Big improvement effect is brought as various high 
temperature material which begin turbine blade of the jet 
engine and electricity generating turbne, are exposed to 
severe atmosphere. 
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[Brief Explanation ofthe Drawing(s)] 

[Figure 1] Electron microscope photograph which is re 
placed to drawing which shows structure of 
theperpendicular cross section, in solidification direction 
of composite material example which belongs to thethis 
invention. 

[Figure 2] Powder X-ray diffraction pattern in room te 
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mperature of same material. 

[Figure 3] In solidification direction of same material X-r 
ay diffraction pattern of perpendicular plane. 

[Figure 4] Powder X-ray diffraction pattern in high tern 
perature region of same material. 

[Figure 5] Electron microscope photograph which is re 
placed to drawing which shows structure of 
thepeipendicular cross section, in solidification direction 
of composite material example which does not belongto 
this invention. 

[Figure 6] Electron microscope photograph which is re 
placed to drawing which shows structure of 
theperpendicular cross section, in solidification direction 
of coagulant of composite material other example of 
thethis invention. 

[Figure 7] In solidification direction of same material X-r 
ay diffraction pattern of perpendicular plane. 

[Figure 8] Powder X-ray diffraction pattern in, high te 
mperature region of composite material other example 
which does notbelong to this invention. 

[Figure 9] Electron microscope photograph which is re 
placed to drawing which shows structure of 
theperpendicular cross section, in solidification direction 
of composite material example of Comparative Example 
and Working Example. 
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T/W 5 = 9 A i #±3g&JR8fc{fc«> t mit VA> a a jr A t 
©fcdflWfc*, C) Wt^asjii,, Xl±. &{biM- 
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[IS#«l] A) mt7/\>$.~$A (Aft) , 

b) mt7/^-tJ*k$t±m&m®it®k(o®et®it 
m^mstimt(o^^fst\m (.cm . 

1 0 ~ 3 5 1 0 ~ 3 5 ^/U%<omS^ 

Vh Z> Z. k Sr^St t f 3 ir 5 5 y * 
[|»#Jl2] lfrlS3ft©i^ffiffi^*a-t^U lft 

&V>WjJtJg 1 X\t 2 (Cf2«(Di?7 S y^S^, 
II9*« 4 ] 4> < k 1 1 o©i^ffiffi^5^itefi-e«fie 
£*tTV>3W#^ l fab 3 *-C©{5tfxd^:gE*fc<Dir7 5 

4 * T©(sr;h^lc|B«©-lr 

[0 0 0 1] 

Wi£t>ja«<EKlcE^rffi««i3S«Sr*UfU 15 00 
[0002] 

LTtt, S i C*VH±S i, N 4 *S)H*£*i. *©*MI 

*oTBl»*nfc{b*«t*#attKJ:ss i c/Sic 
a«^lc«itS1fl:MiKoASim 2: LT 

*»&MKfcttttK:||J|Ut£9 , *©ffiffla£fi 14 0 0 

1 0 0 0 3 ] -3k Hflfc{fc*tt£tt*lfc*m& LT tt, 

ffAffiefftirsmTTOfl!ittm& LT 
ftWt75??^|i, a»fc, ftWftfcte&efe^Lr© 



«f»T* 5 c £ fcTf 5 1 ©T*>5. 

[0004] #3gE#«?tt, iSSST tc *J 5 «fe««J<|#tt 

ffftftftfbtta* p>*fi£ Ztizm&SHbtoofi k ©«£ft 

©«@#a» ?>fiB 5 ir ? $ y * x«£*m*SS LT $ fc 
(fllRtf, 1*M¥7- 1 4 9 5 9 7 #B8¥7- 
1 8 78 9 3fiif, mW-8-8 1 257f4i«, X 
tf> ttB¥9-6 7 1 9 4*&«) . ZHb<0±y % y 

L«»U *iTM^*HTV^5lt)|sk>-oT*>5A 1 2 
°s -y 3 A 1 6 o l2 ii s asa (i e o Cc) tiary* 

ftlf&SfcU 1 OMPaTfcO, tfX^-bVr/U- K 
^©iSfflSr%x.5t, 35<c»a«-|Sl±-f<5C £tfS&gT 
ifcS. A1 2 0, -Er,Al 6 O lz icov^t 

PW»T*lc!l*trtl±r5ifiaf*»*>«. Al 2 o 3 

-Gd 2 O s ^S^lr?? y^fii 6 0 OtlC^T 
fc«lfc*»fSI***-r#. £0&ftttK£#l 7 6 0 
tTifeSfc*, 1 7 0 O c CJJl±coa*TftfflTt^V>i: 

[000 5] 

&KJtLTMfc«ftfcjf5aa&«&*-rir? $ y^X*^- 
*W«Hi«*B»4i-5. AffWlttt, 1 600«C~1 
7 0 0 , C^oa«(C^3^^T, «^«7 0 0MP a«±Oft 
WiMtt*1-1s5 5 v i> ^m&ViVcntoykttmk-t 

[0006] 

xtm£&it®ft<Dmm#k LT#a?ts«#»»*t, 

A) ffltrslsS.-VJ* (Aft) , 

B) ^T^5^;7Ai^±S^JSKfb^i:oa^i6ft 

^/u = = ^ a t ntii-frmim (Bft) , 
®&%mimk<n&$m<m (eft) , 

©3oo»<t»!fgalft*>6,*«$n*S3KWB«:T*) 

ffct?/W==.!7AtLT, •tH^H5 5~8 0*;V% < 1 
0~3 5^r/U%Rlfl 0~3 5*^%©©ffirtt?fc5- 

IC, *»K«rg¥L<IftSJ-f5 0 
[000 7] 
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im&zi] a) mitr^n-vA (a«) , 

B) mfcT»$-9Ab*±M&MWt#hnm&m<t 

i?/v=i=.vAt<om&m<tyi) (bis) , 

«6Jmftfcft&©tt*ftfeft <C») . 

fcXOWt^Aa i^AtLt^ ttl-Pix 5 5 ~ 8 0 * 
1 0 ~ 3 5 *A%ftTJt 1 0 ~ 3 5 *-A-%©«5fflft 

[»*^2] l?rfB3ffi©igfiffi^-t^^U 1« 
Xtt 2 «©*£■&«*> h ft 5ft^ftSMW«ftV*ll#S 1 
IC1E&©* 

ftv»** 1 XI* 2 KB*©* 7 5 y * 
[»*«4 ] < t fc l oottAA^KitA-MMt 

[tt$45] inBCtt©Kfti?*3s9A#ft±S(ft 
4 $ T?©{sr*t*MJ:lB«©1r 75y? 
[000 1] 

[»w©a-r«ft*^»] *3s^tt, 

OiCV'BAEISBKiXo'CmMMUCfrMWU 15 0 0 
[0 0 0 2] 

LTtt, S i C*VH*S 1, N 4 tfMtSJi. *©*Mi 
lcKOItT#<©flF%^*ti-C#fc. L*»Lft#6>s r 

ne>o*t*H*+»iici«awtt«r**i'. ^©iWHistti- 

J:oTH*£*ufc{fc¥*Miawas|i:J:5S i C/S i C 

l«»u ^©*mi*, *«fc»**m-c«>*rfc 

a»fc»»flsWtK:lWfc4*fe9 , ^©ffifflfi&tt 14 0 0 

<fc<5© 

[ooo3] wmitmnz.9hit.tmk tn±, 

■MM**©*?? :x**aMft£-f5 0 L*»U Rfc«g% 

», M*©fWHr*«trFT©*ii*mfc LT 

ttte;tftV^£«:#1-5i%;i&;h.T^a <) La>u » 



[0004] *3B93#*HU iUi&T(c33lt zmmtaim 
#a»**ifclM3lfc*1r5 5 y^^©08^«rii*, BE 

<«*.«, »es¥7- 1 4959 7#&«, w»¥7- 

18 78 9 3^8, W8-8 1 2 5 7^11, & 
tf, W¥9-67 194^i») . ril?.Ot7 5s' 

O a -Y 3 Al 6 0 12 |*, ffifi (1 6 0 01C) 
#lf&£tt4 1 OMPafib?, tf^-KV^U-K 
^©Jfcffl£%;t5i. 3Hc3l*«rlftl±i-iCt^ST? 

Sfc, A 1 2 0 3 -E r 3 A 1 s 0 lz lCOV'»T 1 t ) 
W«l"CKai*trt±r6i8!.»**>*. Al 2 o 3 

-Gd s O a *$-g"fe9 5 yfXItl 600t;K*5V>T 

tfitvfc*tfsfi«*^-f;is, r©tmra:isw&asi 7 6 0 
•c-c&sfc©. i7oota±oisi?tffii?t^t 

[0 00 5] 

tm©lt«SrB«Jii-5. APKtt, 1600t~l 
7 0 OtWfigKfc^T, 0»J;ttf 7 0 0MP a«±©ft 

[0 0 0 6] 

[»jSSrft?*tSfc©©¥S] #38W#3l4, HflsT* 

±iBisa©»* $ tufc-fe ? $ v 9 xm&tm tk&zt 

A) RITA'S A (Affi) , 

B) aftT^^s^AittddHAMKiMfctwtt^IMb 

C) m&^-y&s Xtt. »fb^A'= = *At«± 
«^JSR{t^t©«^Sf!{bU (C«) , 

©3o©»<k»te*ft*»e»«A$H6»iB*H(rc*) 

iki?/v=i=LVAtl.X. Zft*ft5 6-B0*Mt, 1 
0~3 St/UdXtfl 0~3 5*/W%©$Efflrt-C?fe5C 
irSrWmt-rs-tr?? s^^S-imfcBBI-*. EAT 

[000 7] 

[38W©HJ£©^«g] *»W©-fe5 5y^^«^#» 
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n s— ^ItjSMeSr^i-S i k 4< LXttiSm 

mM3<nm&mwoft t iistt 2 «xr* 3 jb©» 

,v % =. * A»tf*±«&BiWI^©«£fiM!2«j©*I t # 

$#5£, «*©«B#1r?:- y^fc^tm&Jt^T 
iWlcWWb**vfcttft«iiJ#6n*t#K, 170 

•m. #!^ffi1f<D^-fett-«6<j|C 10^-250/111 

tco. i~i o^m ©**$©t^4»«;afc»ib*t, r 

nm&mmnfti&K, mi mmw) tias 
teT/u$=* A&o*±s&MBMisfc©«£iMW*>©ffi 

«*> 5 £ fc ic J: 9 , Bn^*SiiIUWK*lctt*Mb $ 

^15 5-8 0^%, 1 0~3 5*/V%RVl 0~3 5 

=!>At #±M&mmt* t Kfts?/ua - * a ©htc* 

±5*/P%&rt©ffiffll£fcS©;JSj!f£L.<, =5c&.IiG& 



fi61-5K{k4feSVfi^S{t:4!b©3o©ifeAffiit, 
WML 2o©ffi#iiMgffi-e<i©lsas#i!iflK io©« 

SUM**"? fb«tiB##tihl, £T ©«##&&©€-&£• 
tWtttK+^ftt©***.**, &£©«£*»&«'> 

v *T **©tt*B»» 6 ©H*f tf - * ©^5«« $ ti 5 # 
ti©iS*«jiSrjt*-f 5o 5 
**©»@#*fc:*iV'>T\ Affitta-gMt7/U$ = ?Aljl 

*±ffl&«K{l2«i4©a^K{bfe> XHt, S&{fcT/w$- 

* a t tt±«* mmc* t mtv>w- v&k ©n-g-g? 

ti, Y z 0 3 , Etj O s , Dy 2 0 3 , Ho 2 0 3 , 
Yb 2 O a , Gd 2 0 3 , Sm 2 0 3 , L a 2 0 3 , C 
e 2 0 3 , Nd 2 0 3 , Eu 2 0 3 , Pr 6 O^ttHifi 

5ft©«#»^«JttW»tt©/S-C»lcffn-CV^5. BH© 
fiftft;«iri©tt^«fl:«)*»e>#***v5. ^{r, Kft^/v 

m&wmtm mu pr tLuit^imm^^ 

*^^5rt^P,^^Tv^5©■c % r^e>©^±iS&Ji^ 

ttSS^^/w 3 = f; J*,#£fe{t $ H 5 ©lc+#4*B*f fi© 
ft±ff A«Mfis»^*tb«^ i AW* k 0 to 

I*. 5K^%£A^©K^lr*iDtT, 3(s:*^© 
5 j/ * *«£$m*r*/£"f 5BMb&©4>4< i 1 1 
o(c@®X«*fffi$-&5, *>5VM4tt©|f-ffi(ifrft$* 
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@#-C*>S. #f&l«#fel4, RflSTA'S = !>A«tft± 
«&JRg6fb&*> * V >f4SHb7/w 5 n * A&t*ft±g&jR 
m$n<rm&WkM<r>ft t bUts 2 fsxtt 3 tt^Jbogf 
ft«KNMM8i»>&«IASIt&KB(M>&«S-tr7 5 y9* 
a^«-^co^-cttft«rJt»*i8m-C, iHftfl-lcfc, lie 

&JRK{b«W>»3'lMb<l&©ft Sr1#««gBf*icDa^lt## 

«*Jc«»ft$^fcfe&ffl»^#t,h,5t*t x 170 

fcJifcbU US:. IMbTA' 5 » ? Aft i * 

±£&JRIHb4&ifc5VHi&<b77i'S; = *A,fttf#±tB& 

T*tt, <D-+feli-j|S:6<J(C 10ma~250 WB 

IMbr/p$ = ?Afefc:&±s&MRfc*&5^i48 
C»LT, ft£!5HrtcDfi©IMbi< 7 /i'3 = *A;xl4&{b 

ft5 5~8 0*/W%, 10~3 5 ; e/l'%MlO~3 5 
■fe ? $ y 9 * tt#Hff«>fl:<NUt t LT 14, S*f bT/w 5 

^!>At %±m&mmm t m&>^ &. * aohtc* 

Si, tt^tif AAt^«>«^<r J: 9 »S(cfliM 
fflft-e&*U*\ =5c*ill»**»6^Hx-Ct>, fftS£#Sr 
As, *S-ifi$©fl|{Si4.}: »> 

jfcr&s ©asdics* u>„ *ss«t7$ 



2-0©1f^*»ft-Cfl6Offii6J#jttfi s loots 
t>*ttttfc+£*fc©«r-**.5#, §££©«£*>?> f4'> 

^t*tOilB4>6 ©intf ©***«£ $ *v5 « 
!i©^ft«jg«rit»1-*. #$8W©-i? 7 5 s> 9 
»®«Hft"t»K43V^r, AfcH:a-lMb77l/S=.>*A)ii 

%±a&JS«efb«ii<ofi^iffbife, xi4, 86{br;vs = 
* A £ ft ±Jg&H$Mb«a t mtVtvzi co^-g-g? 

(4, Y 2 0 3 , E r 2 0 3 , Dy 2 0 3 , Ho 2 0 3 , 
Yb 2 0 3 , Gd 2 0 3 , Sm 2 0 3 , La 2 0 3 , C 
e 2 0 3 , Nd 2 O a , Eu 2 0 3 , Pr 6 O u 4^# 
mtfibivS. IMbT/VS-*A£ft±«&jR|Mbfc{4, 

-f K«jf*ifofl|jiSr^r-r2,«^b^iiSr^fS;i-5. M 

BMb-f v h y >>a, ggfbai/nr^Att^-^y h 

«ai<0«-g-K{b«)«r^L, Kfb^ K y = ^AI4^bt* 

mtr *> s. n a t #±is^a^b«i t <om&®im 

■fZCkWZ, K{b^3ii^ASrH©L.fcH7£©a 
&mtQlb LT#£Lf#S 0 Cffitt, K{b^3 = !>A 
*a«A^fifc«)*>, XI4K<b^3=^Ai:ft±«^|| 

3^^A«^{b-r y h y ^ a, gg^fb-fer y ^A*ifo*± 

3&feJKg£{b«5 (fiU Pr tLu^4^5£{bS^l**S/^$V^ 
ft±S^JaS6{b^(iii;c.-cS^fb^^5i, filWWStS 

*7$y9xm-&ttW>$:mi&1-Z>mkVoO'J>t£<kbl 
o(C@®X{4^W$*5, fc5v^t4«cD^ffi^#ft$* 
T, «tt&ttg-^Mtt@$r£{b$-fr S C t 
5o fcfc, ^b*/Wi/!>A, Kft^^^l>A^ift4B? 

fls^3=L9AfcH*urftj6fl5i-*^ffl*J*>6o-c, 
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[00081 fi:i&»«Sf <r>&&Wk<nft-&3mt\mk®>-? 

«*©s?Ba>e>, mwmwt. u^twum 

[0009] JKttBO&oftfri*, -jRttfcfJtervo* 

[0 0 10] ft6**jtfcJKfft»*tt. £*-p»ni2K 

ioTJMtfi*. «»JitfAl 2 O a , Y 2 0 3 , ZrO 
2 ©*§3\ 1 9 0 0~2 0 0 O'CffeS. *I|»0#a^ 

t<, 300TorrElT, L< tt 1 0T o r r J» 
[00 11] #fcftfc*t»H*fcovvCtt, -*fiSH 

-*rS)iS@«iaSriat5ri:tW3l55 0 r 

[0 0 12] -#fl«Hi::*»vvctt s igf&fe© 
££*5*s, «Mlc^«iMMfto»nttM«M«t>o 

tt, att**6&M*fcl**<r KO&jftftiBft. iSMT 
fc*»6>, 5 0 0mm/^HT, #*L<ttl~10 0 
[0013] j*ETT*?T 5 £ t L 



*USlo«4tr#|«|"t-*Ci:*W*a*»fe-ra!>« 0 i 
0 -3 To r r^TcO#ffi^{i1$|cjfit<, »@#>ft© 

[0014] flfcHHt, &*n©#8s • £E$M£ffl L 

Xttfc-*-©/>fc< ki>-#tfi±T*foX.ttm;m 

[0015] mmttw&tetmmKmx&tz. a, 
&mm*Lx^z>°imm*M\,\ &b#©87-b&& 

lcJ:*«JSiB**»€>tt, )SB*>f IC*jv->Tx 4>fc<tt> 
Batt«H£ftfcEfoLTBaLT^Si#*.e>;h,,5. 
*fc, BfllKoV^Ttt, 6#fcJ:o'Ctt£B*l« 
i£Bfc#l*]^©BjgfcR«>fe;H,, ^©Bg-fcttBffifc 

B0>nB£#4-r*A, c*o»«wcov^rt>, BJMt 

■cii/Nj/^u uftv«, A«w:, Bantu, mmmc 
7c©^y h«r^«trv^st tjs.it* u Btt, ctera 

«, «B*«lfc»aLTV%«*|j:J! 1 *.a. r©«tp«;^ 
B*1»©IS*a©«|j6tt, «^bfe©a«, 

[0 0 16] ♦BnicdBV^-cBHfMMftTft&tLfi'fc? 
>^ ^a^lf »tt, *©* *ttffl*f#stcttffii-5 r & 

[0 0 17] 

[%ttM] «T{C. JWtt&WfcjSU *«WfcJEK»L 

HJfewl 

o-Al 2 0 3 : 9 9. 9 9%) % y 2 0 3 

(*6S : 9 9. 9 9 9%) , ZrO a »* (&g : 



[0008] mt&Sii&<t>(K>£&m<D#&Mm&Mimv 

HJ&wx&Srilsrt^e,, #»W©a-g*m©a**i 
LTfi, &a&«a*©affi'fe"BfBr*>5#. fifi}g'> 
#^ft<#«F*l&«£ffi;*ft^;:<!:, &tfA¥©£&$S? 

a^conaa*^ Msa. aft*tf*t>asu'tti*Btt 
[ooo9j a**Bfls4&©iffi£W:, -i&mzftt>frx^ 

[0010] a^-«m»itfcfi(«W3lstt. jfiW-cfciuBft 
ar** y viaas<£fflnj*5 0 c©fcBts«f*aj&ic 

ioTSttS*, #Jx.tfAl 2 0 3 , Y 2 0 3 , Z rO 

2 1900-200 ot-efcs. fia&o&mis. 

U<, 300Torr«T, SSUIilOTorrH 

T£+5©#avv »«i^aaa*T©aa#*TB-e 

fcftlf &&©ftia*& WtJllT-9 SiK^S? Srffiffi L 
[00 11] *fcavfcSWB{Wi:ov<»Tl±, -*faim 

a»»©aaj&»e>©a*fwa»#"BrB-c*> 

«S-*(fll»H*&a*rai*.r*fHWI«>WIS#*»* c 

jr#m*6. mt««r ease -aaQu 

U -#|*«Ba©»Bfc»U»*, -frfc 
-%fom®!&®*1mz.zzt hates. Z<D®£\Z. 

[0 0 12] -*|fi|»HfcfeV^rtt» a*.»fc ®m®<D 

fc«««ri«*» & T#lc-aa*-ea 
»$*5#. 5R«RI-3rt- 3 Blt*©aib I±ffi*tttft t © 

£UWMrT*iC*»LTt>Alr\ *»tt,'£*Cff 5 

fc#tt6«*»attfc«iifc-fc? 5 
iff* afc«t-?S£feBttaM6<fcSIBB#£i:5;i 
5 0 0 mm/^(ffl£JlT, Sf*U<ttl~100 

ft*. 

[0013] -*Hl«Hfi, WZTXft 5 £ ##* L 

aaaaaiav »fij)^= 



0~ 3 To r r&TcD#ffl&fS1$lC#*L< s aBft'pW 

46aafc*-c»w(H*a. 

[0014] -£|P]JS@ti\ 4**P©#ifc • HBfcftffl L 

Tfi 1 5 KaBll*a<r4'*B*L*BH 

*a-oau*rt-8#a • «**#a»ctt«-e# s# % 
ftfcnaaaafcAii, «£*tt4>&©Aa*Hra&a 

aiCLffeft^U £ft«r, 5fcf*i©i$JE;!>ST5TiBft^-*y 
hUTtA^. «, -#ft«Bte*5tfS* 
tt©ayhn-M)*S, rftfr*>. aH*flE*Atfa 

a, xtfa*©a»aaweH:, &&©#a-e?T$:r£ 
auas. 

[0 0 15] «H#«fC«-*tta»)5:^t*i:S. a, 

b, co^ii, Aate-MFttu*.**, -jiRWfcHlfc 

5Ettaa«a«raj*f*cfc*»-ct, m'gmcE.&Tcft) 
aaa**L-o*<&*rBtta**v. aB$©m?«B* 

JcksaatMW^&tt, aBfls*K*^-c, '>*<£*> 
Sfc, Blsiro^-Cfi, ^#Ki-3t(lSl*^ 

fcaaftarrt^oaataj&feft, r©«^jcr±BtU!: 

ra<omitic#ft-f 5 a, ca©attKov^Tt>, aa^ 
•n*~s/*!) l&v«#, Affiw, Baaa. «b^aic 
* fc i*«B2ra & twa^a t gotft* ft^i&a u 3 0c 

©wa*a«>s^K!J y^^tt^s. cntiBii^ 
a. aa*iiifcaau"cv^4aKfl.*.6. zonotm 

ft xmm-tz z. t *-ct 5, («, *aw-ea5 
aa^Kattt, -*aaBiat*irt*. aaeat- a 

^gt^1-fti3*>Jtia<0#S)*r6]«rjic!!*-r5. 
[ooi6] *a i aii:*jv^-c«B<«»«Tra6>*t6*? 

^y^^a^ifar*, t©**aa««icaa-r«ri 
*awt*jv^aB<*^r*e>ii* 
-fey $ v 9 msttrnt, &mtt&ic*tfc ufc^-c x x 
^icimufca, &mz& cxm 

atmkm&tr&x* mmiixzo tuts tmvu&wt 

[0 0 17] 

<RBi-S. 

aaai 

a -A 1 2 0 3 m& : 9 9. 9 9%) , Y 2 0 3 
(«a : 9 9. 9 9 9%) , Z r O z (Mtt : 
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9 9. 9 9%) «ras^/-/HK*f»-C2 4 

m&Mmz'&it. s^-jttt, a 1 2 o 3 /y 2 o 3 /z 

rO a =6 5. 8/15. 6/18. Q^ASfrXh*. 

[ooi 8] mwnamrxn^ti, 
tt, i 9 o o < c-c*ofc„ -#k«hhu hwm®>* 

TT-l#Ja% 5 0 mm/BSMO&KT-fc T Lfcj* b-jjfo 

was*, awt-rs^H^^fc. 
[ooi9] «6ii.fcMff%>ni^rMiEM[ftWi»i 
Ntot-TWMtVJC&B l . Si (r) U200 

OfflK El (-f) |45 0 0 0»©WT»6. El 
(T) W) lc*l^t\ Hfe8C»as»- Fc 

fefwwJYAG (y, a 1 6 o 12 ) ft, a&fflaaw ? 
fc» t?Mttfll9jK-cfMH-ftiR9. d©»@ftici±<sr 

[0 0 2 0] *B#*&»LTabftfc&*<ox«lBl*r 
2 ICS*-*. i©H*»6, -blElii*§#<Z>*$ 
ft*5, o-T/P$^ YAGStW?MlTWA/«y 
A'3siT*!»»6j**i-tWWB4ii5. 031:11, ®m 

A?%i-ft<D (3 0 0) ffi, YAG© (4 0 0) ffi, (8 
0 0) <{-y MT#H*LjfcS>*«7ft© (2 0 
0) , (2 2 0), (4 0 0) ffiOT#feJSfl|K3;h,3. 

«-7/l^7tt&tfYAGfalil|M£ifi# 
9 , << y h y 7H£i?/W3=7fttt#Jfegfc-?;iSq£ 

[0 0 2 1] 8M&«jfCOV>-n4, H(C, -vyfiMx.^ 
fc. B4MO»*tSt. g}& ( RT ) fciBOOt 



[0 0 2 2] KH^e>3 mmx 4 mmX 3 6 mmCDT 

*«r»*Lfc. llc^. 17 

0 OtCJSV^Tt), 7 2 0MPa03*lf!SaS:^U-CV^ 

[0 0 2 3] 
[£l] 



a i 







(MP a) 


nmmi 


1 6 0 0 


7 5 0 




17 0 0 


7 2 0 




16 0 0 


8 0 0 


// 


17 0 0 


7 6 0 




18 0 0 


7 0 0 


ifcttHl 


16 0 0 


3 5 0 


tf 


17 0 0 


3 2 0 




16 0 0 


5 0 0 




17 0 0 


3 8 0 


iMMl3 


16 0 0 


4 10 


/* 


17 0 0 


3 7 0 



[0 0 2 4] itmti 

MtS**-. o - A 1 2 0 3 /Y 2 O a /Z r 0 2 
JtSr7 4. 4/17. 6/8. O^itfcWI-B, 

@@ft|!tt(f>|;: % 5 0~2 0 0 (i mOW^MLifiWL 
rOWttt, Al 2 0 3 «*3«tOtYAG 
ft© 24»»&/£9 % Z r 0 2 (XitZ r O z /Y 2 0 3 

3 A*tf 1 |C*-f 0 1 6 0 
0tl:*J^t{>3 5 0MPa©a!gU^if, gjfcfl 

l <r>Wft\at L„ r ©$m#*H$W(c#.5 r t 
a. 

[0 0 2 5] Hffi«a|2 

WtaH". ■fyhDTicftlLxmbzA'XV* (Er 2 
0 3 . «g«: 9 9. 9 9 9%) &&ffl o-Al, O 
3 /Er 2 0 3 /Zr0 2 ©ga-a-JtSr6 5. 9/15. 
4/18. 7tW6iU 1.^, -*(«0^@I@|C*Jlt 
5#*BO»T^«Sr2 Omm/Wt Lfcfil^tt, mm 

mi tmmoif&X'mmtozwz. &btiizm#cD® 
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9 9. 9 9%) J-J\<&ftti?-?2 4B#IBSa;#- 

BS-Jfctt, A 1 2 0 3 /Y 2 0 3 /Z 
r0 2 =65. 8/1 5, 6/1 8. 6 */W?i>&. 

* o x v n 5 ^ -r tcgsce $ tir ^ 5. 

[0 0 18] ^j»tt«ETT?ffofc 0 KStfi'T'Srteffi 
U ft^-rt^l 0 -5 To r r KJiffrLfcjiS&JfliJB 

TT-*tH»£ 5 0 mm/^MO^f P^T 

[0019] »fc^fc«li(*©«H*(RUciiE)i»riBfi 
RoSrHKttft^JtSrH 1 01 (T) 142 0 0 

Of*, 01 U) l±5 0 0 0»O?K-C*>5 o 01 

(7) (W) KteV^T, BftttftPa- TVUS-m K 
£8B##YAG (Y 3 A1 B O x2 ) «, fifelfB^^y 

AG+B^HirT/V-S-t^tflC^-aiBIl^^. * 
WW** •)/*•) £oTV*6. 

[0 0 2 0] *fl#*&&l,T#fe*lfc&*OXftia*r 
/^-ySrS2lc*-fo r©0*>e,, ±tE&JSf*©«fjS; 
1f#, a-T/U?-^, YAGSlMyhyrfc^A/fc*^ 

#©«H*niteMftB©xniaiffiis*«:*i- 0 a-r 

A'SrNB© (3 0 0) ffi, YAG© (4 0 0) ffi, (8 

0 0) ffi, ^yHJ7i5i»L.fc^3=rffi© (2 0 
0 ) \ (2 2 0), (4 0 0) E©#fcj}SS£g8£*v3. 

a-r^5^ffifi.VYAGffili^^«c 

[0 0 2 1] ®«WW;:o^-CHt, SIC, Yy^t-fiy 

fc. 04^-toi|g*-Sr^-t-„ (rt) tisoot: 
■ett*Jltt»*6)*vf, *»@#©ftfifc#ffi#, £it~ 

1 5 0 0tX>ia&«Sll-CMu fHWttrfirafci^ifc 

hyr<o#*tj:«koT^3-r*ssSfl:$tv, s^a 



[0 0 2 2] Mi>b3mmX4mmX 3 6mm©r 

*fr»JfcUfc. iBJ^«SrS 1 K^l". 17 
OO'Cte&^Tfc. 7 2 OMPaOftlffSaSr^TLTV^ 

/Hco^-ct, rrK3»i-t>«)iiBHi«)*tt-et?ofc. 

[0 0 2 3] 
[SI] 



SI 







(MPa) 




16 0 0 


7 5 0 




t 7 0 0 


7 2 0 




16 0 0 


8 0 0 


// 


17 0 0 


7 6 0 


// 


18 0 0 


7 0 0 


ifctftM 1 


16 0 0 


3 5 0 




17 0 0 


3 2 0 




16 0 0 


5 0 0 


» 


17 0 0 


3 8 0 




16 0 0 


4 1 0 




17 0 0 


3 7 0 



[oo24] ttmm i 

WSr^-f. o — A 1 2 O s /Y 2 0 3 /Z r O z ©ffi£ 
lt&7 4. 4/17. 6/8. 0^%itmtt, 

©«H^^SiS*»fBniffi«©«^»»»^KSr0 5 fc 
3*1% &Stt&It4>K:, 5 0~2 0 0(tm©fi^t*il 
SSftSiJ*, £©ffi*s&tt, Al 2 0 3 tMUtWAG 
<i05 2ffij6»fefifcD, Z r0 2 (XttZ r O z /Y 2 0 3 

ftfc£*fc^;ii::is»RS*vc^s. r© 
3 AStf 3feAHIftttj|l** 1 16 0 

0'CtC:|3^-Cfc3 5 0MPa©8gL;&^$-F. gfttil 

[0 0 2 5] $tfl2 

r r -ett*±«Kfl:« 4 LTKfb^/W If ^ A trftffl Lit 
«tr3*T. -fy h y TIcftit-Ctt^nr^A (Er 2 
0 3 , *6S : 9 9. 9 9 9%) fcffiffl t, o-A I 2 O 
3 /Er 2 0 3 /Zr0 2 ©E-&tfcSr6 5. 9/15. 
4/18. rtMliU fio, -*(6j®@XS{C*Jlt 
5*tf«©BTaSSr2 0min/^Wt LfcW^tt, Xlk 
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*t*6fe»»*»Er a Al 6 0 12 «)iiafifeSr*-rs^ 
tf^X^^!? h (E1T, EAGt^-t) 

*re*>5. Sfc, EAG«©Jiffi|C.#fcL;fc8V>tt/h$ 
<ejfiyRlCH.it 8 e felff##&fl53i/W tf ? A ££A/fc*£Vw 
=>-T«-Cfc8. r©®B#»£^Tfc§IJ£m©!aB 

ffiJ8U 9$ 9 S:o-cv^8 1 1 ##tf>8o 
[ o o 2 6 ] a 7 icti, SBftco&B^iRjtcgitftffi© 
X»H!»f/<^->1i«**trjj*r. «SJ$^^8lHI^Tt , - 

^11, a-TA'S-tlB© (0 0 6) ®, E AGO (4 0 
0) WiRXf (8 0 0) ffi, S6{ba:/Vfcr^A^@^Lfc5? 
/^=7fi© (2 0 0) ffid5a!l^$nfc„ r(Drid»(b 

-Tffif4JiM**-e#SE-f8ri:^»*»8. &&W<D, 3 
j& ft «f 1 l-^-t. 1 7 0 OtKfc^-C 

7 6 0MPa£LtcO»£&#'t8. 
[0 0 2 7] Jttfcfl|2 

/Ux=.T<Di±&%-tt&6 2. 0/38. 0^%tlfc 

i- 0 c ommwv) 3 jRiiiirf 9ucM«HAfr« 1 x.m+. 

1 6 0 OttCfc^-Cfc 3 8 OMPaWiftU'/f^f, 

*»8. £:fe\ rcoit««Tfi, y/vasTiJSftiiRfl: 
ifeit?^^b$^rvN<f^fci!)jc: N 8 o 0 < ct?jE*fe5K<D 

dJfltK^ixfco It VMS 

(Y 2 0 3 « 9 9. 9 9 9%) ©*£&fflU a 

— A 1 2 0 3 /Y 2 0 3 ©iB-p'tfcS: 8 2 . 0/18. 0 

a* 2 o mm/mm t L-fc&mt, mmm 1 1 wmms 



»rE*§Jt<DS*SB®&?»£0 9 (T) K*1% 0 9 
(T) CfcVT, lte«5#aSa-7/l' 9, :*: 

#<eefi«»#Y 8 a 1 5 o^wja^^ffi-8^ ?/ h y 

^Ar/W5-!7A^-^ : y h (YAG) ffi-?<fc8. £fc 
fiffiW^iSfedSl 0/im ~1 0 0 W m "C?$)9, #38$©* 
*«**+H1©SWStH9 (T) il^-ffi^f^tfc 
09 (f) i:lfc«1-8i:> #*W©«B#©iSlK©lSII 
8. ro®B#©3j£fttf&#©»|£IS 

[0 0 2 8] 

mmowm *%m<Dt7$.?*xtii&#'&tt.. asm. 

«pl 7 0 0X;<D&mzio\ l '>XWl?}7 0 OMP a^JLhOiS 

#&Uea»ofct>©-e;lt>8, iixyhiv^^jstM 
fe1-. 

[Hifi©ft¥ftR9l] 

[H l ] «WfcJl1-S*&*m«©, ®B*l6]fcSil[ 

[E2] ww*Moiaicj8it8»*xma*f/<#-v. 

[0 3] lltm©*H#fofc*Sfcifi©Xil*0tfX*- 

[E4] nttttoi«aiwic«(78».«xtftB]^^- 
^. 

[05] **Wfc*S&v>«*tm«©, WH#fi)K:S 
E*8ffffiro»it»iSr,^1-0Elcft^8m^S»»^o 

[06] *&no«4#fHII.®ffl«>, «I@^©@B*(6j 
fcS«ftl&ii©IW«:^BffifcfU8**«IWJtS 

[0 7] PI«-ipf©WB*r«oteSB*ffirox«»0#r/-?^- 

^o 

[08] ^«^#m©«©, 

[0 9] Jt«0SRtmfc«©«£*ra«©, &B#ftlc 
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